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ABSTRACT

A series of nearly simultaneous drops of two velocity profilers
was made at the Atlantic Underwater Test and Evaluation Center (AUTEC).
One profiling method was based on the measurement of motionally induced
electric currents by an expendable device. This profiler, the Expend-
able Temperature and Velocity Profiler (XTVP), was compared with an
acoustically tracked free-fall device operated by personnel of the Johns
Hopkins University's Applied Physics Laboratory. Based on drops sepa-
rated by less than 100 m horizontally and about 50 minutes in time, the
two sets of profiles were found to agree within about 1 cm/s rms for east
and north horizontal velocity components.

Accession pom T

)

'-’llv:'lr.;‘.O'.; -

NTIé ey T
DPTI¢ mos - ;?;¢/




II.

III.

Iv.

VI.

UNIVERSITY OF WASHINGTON -+ APPLIED PHYSICS LABORATORY

TABLE OF CONTENTS

INTRODUCTION............. et reiae e
INSTRUMENTATION. ...ttt iiiie i iiveneeenereaanassaanens
OPERATIONS. .. vttt ittt iiennttenennasnorosananeas
OBSERVATIONS. ..t iiiiiniiintinitteeesrssseecanananaas
RESULTS AND DISCUSSION.....ciivutireverteanannanenss

REFERENCES . . ittt ittt ineeanennnnsssonnesnonnsos




UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

LIST OF FIGURES
[ Page
Figure 1. The APL/JHU acoustically tracked profiler . . . . . . . 4
Figure 2a. Expendable temperature and velocity profiler (XTVP-5) 5
Figure 2b. XTVP block diagrem. . . . . . . . . . « . . . « . .. 6
Figure 3a. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #3. . . . . . . . . . . . 8
Figure 3b. East (X) and North (Y) trajectories of the R/V Cape and
and APL/JHU profiler for Drop #4. e e e e e e e 9
Figure 3c. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #5. . . . . . . . . . . 10
Figure 3d. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #6. e e e e e 11
Figure 3e. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #7. . . . . . . . . . . . 12
Figure 3f. East (X) and North (Y) trajectories of the R/V Cape and l
the APL/JHU profiler for Drop #8. . . . . . . . . . . . 13
Figure 3g. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #9. e e e e e e 14
Figure 3h. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #10 . e e 15
Figure 3i. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #11 . . . . . . . . . . . 16
i Figure 3j. East (X) and North (Y) trajectories of the R/V Cape and
| the APL/JHU profiler for Drop #12 . e e e e e e 17
, Figure 3k. East (X) and North (Y) trajectories of the R/V Cape and
f the APL/JHU profiler for Drop #13 . e e e e 18
I
Figure 31. East (X) and North (Y) trajectories of the R/V Cape and
the APL/JHU profiler for Drop #14 . . . . . . . . . . . 19
l Figure 3m. East (X) and North (Y) trajectories of the R/V Cape and 20

the APL/JHU profiler for Drop #15 .




UNIVERSITY OF WASHINGTON + APPLIED PHYSICS LABORATORY

Figure 4a. APL/JHU Drop #1 . . . . . . . . . . . v v o v v v v .. 31
Figure 4b. APL/JHU Drop #2 . . . . . . . . . « v v v v v v v v .. 32
Figure 4c. APL/JHU Drop #3 . . . . . . « v « v v v v v v v v v .. 33
Figure 4d. APL/JHU Drop #4 . . . . . . . « « « v v o v o o o . . 34
Figure 4de. APL/JHU Drop #5 . . . . . . . . . « .« v v o o v 35 I
Figure 4f. APL/JHU Drop #6 . . . . . . . . . . « . « v v v v v o 36 l
Figure 4g. APL/JHU Drop #7 . . . . . « . . « v v v v v v v v o o 37
i Figure 4h. APL/JHU DTop #8 . . . . o « v v v v v v v v v v v o . 38 |
Figure 4i. APL/JHUDrop #9 . . . . . . . . . .« o o o o . .. 39
| Figure 4j. APL/JHU Drop#10. . . . . . v « « v v v v v v v v v . 40
Figure 4k. APL/JHU DTop#11. . . . v v v v v v e oot e . &) ‘
Figure 41. APL/JHU Drop#12. . . . . . . . . v v ¢ v v v o v o o 42
Figure 4m. APL/JHU Drop#13. . . . . . . « . « v v « v v v v v o 43 {
Figure 4n. APL/JHU Drop#14. . . . . . . .« . « « v v v v o v o o 44
Figure 4o0. APL/JHU Drop #15 .
Figure 5. AUTEC shipboard and playback processing system.

Figure 6a. Comparison of nearly simultaneous velocity profiles .
Figure 6b. Comparison of nearly simultaneous velocity profiles .
! Figure 6c. Comparison on nearly simultaneous velocity profiles .
Figure 6d. Comparison on nearly simultaneous velocity profiles .
Figure 6e. Comparison on nearly simultaneous velocity profiles .
. Figure 6f. Comparison of nearly simultaneous velocity profiles .

Figure 6g. Comparison of nearly simultaneous velocity profiles .

vi




Table
Table

Table

Table

Table

Table

Table

T

Table

Table

Table

Table

1.

4a.

4b.

4c.

4d.

Je,

af,

4g.

5.

UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

LIST OF TABLES

Joint APL-UW and APL/JHU observation 1og..........veuuevn.

R/V Cape and APL/JHU profiler positions at times of
XTVP deployments,..... ceseeenannns Cerecesecntetnnosennanns

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -340 m depth.........

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -450 m depth.........

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -500 m depth.........

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -470 m depth.........

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -500 m depth..... oo

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -500 m depth.........

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -500 m depth.........

Minimum values of the square root of the cross-structure
function for east and north velocity components computed
between -100 and -480 mdepth........cciiiiiiiiiniiinennns

vii

61




4
x
b
!
)
V

UNIVERSITY OF WASHINGTON + APPLIED PHYSICS LABORATORY

I. INTRODUCTION

In early May 1979, an experiment was conducted at AUTEC for the
purpose of establishing the performance of the XTVP (Expendable Tempera-
ture and Velocity Profiler). Numerous XTVP profiles were obtained,
separated in time and space by 10 minutes and 100 m from those obtained
with an acoustically tracked free-fall profiler operated by personnel of
the Applied Physics Laboratory, Johns Hopkins University. The primary
purpose of the experiment was to validate the measurements of the XTVP
probes against the APL/JHU acoustically tracked velocity profiler's
measurements at depths greater than 200 m. In addition, the performance
of the XTVP's in the upper 200 m was examined under various launch
conditions, including distance from boat at launch. Tests were also
performed with specially produced probes having shorted electrodes or
preamplifiers and special weight shapes. Pressure measurements were
made with some probes to determine the depth versus run-time relation.
The performance of the XTVP was also evaluated by comparing simultaneous
or nearly simultaneous XTVP profiles.
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IT. INSTRUMENTATION

APL/JHU Current Profiler

For this experiment, the APL/JHU velocity profiler was tracked by
the AUTEC acoustic range. From the time series of profiler position,
the vertical velocity profile was determined. Implicit in this method
is the assumption that the horizontal length scales are long compared to
100 m. This allows velocity measurements at various horizontal posi-
tions to be presented as a vertical profile taken at one position.

The profiler, described in APL/JHU document STD-R-138, Chapter IV,
System Description, is shown in Figure 1. It consists of a pressure
vessel enclosing a clock, electronics, and an AUTEC-supplied acoustic
pinger assembly. Either synchronous or asynchronous tracking for the
range is acceptable, but it is important that tracking uncertainties be
as low as possible (<30 cm on a point-to-point basis). The profiler,
which weighs 225 pounds in air, is dropped into the ocean without a
tether, and descends at approximately 30 cm/s. Upon reaching a preset
depth, a pressure-actuated mechanism releases a lead weight, and the
unit returns to the surface at the same rate of 30 cm/s. Current pro-
file data are gathered on both the descent and the ascent. Additional
descriptions of the profiler can be found in Wenstrand (1979).

The XTVP Current Profiler 1
A\
The XTVP velocity profiler [Drever and Sanford (1980) and Fig. 2a]
is a ship-launched expendable instrument whose development is based on a

larger, nonexpendable instrument also developed by Sanford, Drever, and

Dunlap (1978). The probe takes a vertical profile of the relative hori-

zontal velocity vector by measuring the voltages induced by the motion .
of the sea and the instrument through the geomagnetic field. The term

"relative" is used in the sense that the measured velocity is offset by

an unknown constant velocity.

The XTVP consists of a probe similar to that of a Sippican XBT, but
stretched an additional 12 inches. A block diagram of the electronics
is given in Figure 2b. The thermistor used is identical to that in a
standard Sippican XBT. A depth sensor is not part of the present design,
but depth sensors were installed on several probes used in the tests
reported here.

Three signals, electric field, compass direction, and temperature,
are sent via FM transmission to an on-boat receiver over a two-wire,
balanced line. The received signal is sent to an analog recorder and to
the FM receiver/demodulator for recording and plotting.
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Seventy-nine probes were manufactured for this experiment. Of
these, only 45 were standard units of either the model 4's built by
Woods Hole Oceanographic Institution or the Sippican-made model 5's,
The special units were built to investigate noise sources and vehicle
fall characteristics. For example, 16 units of each model transmitted
pressure measurements in place of temperature. The pressure measure-
ments provide a refined relation of fall rate versus elapsed time. The
complete complement is presented in Table 1.

Table 1. Description of the XTVP's by Type, Model, and Number

Type Model 4 Model 5
Standard units 9 36
Pressure measuring 6 6

Pressure measuring and

10° afterbody fins 2 2

15° afterbody fins 2 2

20° afterbody fins 2 2
Blunt nose weight 4 4
Shorted electric field amplifier 3 3
2 55
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II1I. OPERATIONS

The XTVP probes and supporting instrumentation were installed
aboard the R/V Cape, a vessel owned and operated by the Applied Physics
Laboratory, Johns Hopkins University. Two standard Sippican XBT launchers
were used. One was the stanchion-mounted, breech-loaded launcher and
the other was the hand-held, plastic launcher with about 100 feet of elec-
trical cable. The electronics were installed in the laboratory beneath
the main deck just forward of the steering room., The laboratory was
linked to the bridge and control personnel via internal voice units and
to shore with a UHF radio. All drops except those from the towed rubber
boat were made from the vessel's side.

The operational procedure was to have the Cape directed to a prede-
termined site for the launch of an APL/JHU tracked profiler. Once this
profiler was deployed and falling, the deployment scheme for XTVP probes
was to have the Cape execute loops at slow speed (5 knots) following
navigational instructions from the range control center. As the Cape
neared the closest point of approach to the falling profiler, an XTVP
probe would be released. The goal was to release the probe within 100 m
horizontally of the APL/JHU profiler. This goal was achieved in 32 out
of 45 intercomparison drops. In no case was the separation greater than
200 m.

The positions of the Cape and the acoustically tracked profilers
are shown in Figures 3a through 3m (provided by Dr. David Wenstrand of
APL/JHU). Note that the X and Y scales are in yards and are not equal.
The track of the Cape can usually be distinguished from that of the
profiler by its larger extent and more loop-like character. The hori-
zontal separation between the ship and the tracked profiler at the time
of XTVP deployment cannot be easily determined from these figures and is
listed in Table 2.

A log of the joint observations is presented in Table 2. The depth
and range of the APL/JHU profiler are given, based on the computer
printouts provided by Dr. Wenstrand. The CTD position information was
provided by Mr. Stephen A. Mack. Cryptic, but useful, comments are
provided about the type of observation, the maximum depth or data qual-
ity, etcC.

Position data have been abstracted from the vessel and profiler
tracking printout and are presented in Table 3. The vertical and hori-
zontal separation information provided in Table 2 was determined from
these data. No correction has been made for the 15-yard separation
between the radar transponder or in-water acoustic source used to track
the vessel and the launch pusition of the XTVP probes, except for when
the probes were launched from a rubber boat towed behind the vessel. In
the latter case, the vessel/launch position difference is about 50 yards.
Since the vessel was receding from the profiler for each XTVP deployment,
this 50 yards has been subtracted from the vessel/profiler separation or

range.
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Range
(vd)

101.

102.2
111.
124.7

.49
2.83
.05

.98
.20
.55

.15
.88
.72

.41
.67
.95

Table 3. R/V Cape and APL/JHU Profiler Positions at Times of XTVP Deployments
R/V Cape (yd) APL/JHU Profiler (yd)
APL/JHU  XTVP — . .
PROFILER DROP X y X y z
NO. NO. TIME (+) (-) (-) (+) (-) (+)
-10 10219.92 8696.63 45.86 10223.94 8733.90 19.01
4 160 152630 10217.22 8689.95 45.85 10222.30 8732.48 22.74
+10 10213.54 8682.51 45,84 10220.82 8731.01 26.49
-10 10112.45 8626.97 45.65 10165.34 8647.92 199.31
4 161 153445 10085.24 8619.07 45.61 10164.95 8646.38 202.93
+10 10056.32 8605.26 45,56 10164.79 8645.07 206.55
-10 10140.18 8668.51 45.73 10159.96 8652.97 59.58
4 162 154230 10148.76 8685.88 45.76 10159.61 8653.79 362.82
+10 10157.33 8703.26 45.79 10159.01 8654.57 366.19
-10 10136.75 8674.87 45.73 10147.06 8676.31 225.34
q 163 155450 10121.28 8700.45 45.74 10146.69 8675.43 222.35
+10 10107.99 8723.24 45.74 10146.29 8674.55 219.07
-10 10099.54 8568.61 45,58 10113.74 8596.08 91.50
4 164 160215 10096.70 8537.83 45.55 10112,.38 8593.88 88.60
+10 10092.62 8510.62 45.52 10111.00 8591.96 85.72
~-10 10037.91 8712.93 45.64 10061.83 8686.05 245.70
5 165 173300 10030.46 8740.31 45.65 10061.45 8686.29 249.27
+10 10031.33 8765.27 45.68 10061.23 8687.12 252.72
-10 10079.15 8648.94 45.63 10060.81 8707.98 448.12
5 166 174305 10094.32 8633.78 45.64 10060.72 8708.18 451.37
+10 10112.43 8620.93 45,65 10060.71 8708.39 454.74
-10 9948.72 8726.43 45.53 10050.96 8729.30 415.33
5 167 175330 9939,91 8725.43 45.52 10050.91 8729.64 412.11
+10 9926.44 8728.24 45.50 10050.74 8730.19 408.63
10085.45 8717.45 45.70 10048.41 8746.45 197.56
5 168 180435 10108.49 8720.60 45.74 10047.84 8745.52 194.51
10122.43 8733.20 45.77 10047.37 8744.41 191.34
-10 10063.85 8527.03 45.49 9998.16 8684.84 54.12
5 169 181230 10074.34 8521.77 45.50 9996.30 8683.71 51.05
+10 10081.15 8515.12 45.50 9994,26 8682.52 48.21
-10 10244.30 8833.04 46.03 10250.29 8867.71 23.29
6 170 191030 10243.09 8830.55 46.02 10249.91 8866.78 26.95
+10 10240.66 8825.56 46.02 10249.47 8866.57 30.47
-10 10177.28 8885.03 45.99 10194.30 8838.78 295.37
6 171 192300 10174.30 8888.76 45.99 10194.35 8838.90 298.84
+10 10169.82 8894.36 45.99 10194.73 8839.29 302.14
~-10 10231.14 8813.43 45.99 10195.49 8855.01 487.53
6 172 193230 10229,29 8787.59 45.96 10195.13 8855.21 490.63
+10 10222.26 8762.24 45.93 10194.51 8855.44 494,02




APL/JHU
PROFILER
NO.

XTVP
DROP
NO.

173

174

175

177

178

179

180

192

TIME
-10
*194550)
+10

-10
200200
+10

-10
205500
+10

-10
210930
+10

-10
211900
+10

-10
212830
+10

-10
213820
+10

-10
214545
+10

-10
202110
+10

-10
202110
+10

-10
202200
+10

R/V Cane (vd)

N
(+)

10239.061
10250. 30
10263.17

10083, 28
10066.74
10047.70

10332.19
10342.77
10352.37

10254.20
10260. 88
10268.05

10238.09
10228.80
10222.19

10290.88
10298.77
10307.12

10218.52
10205.02
10196.21

10217.02
10216.15
(none}

{(none)
10077.06
10073.96

(none)
10076.41
10073. 31

10065.11
10062. 34
10059.50

* Time from observation

**  APL/JHU #7 snagped.

y M
(-) (-)
8901.16 46,09
8915.82 deo.11
8933.76  46.15
8840.41 45.83
8827.06 45.79
8814.84 15,75
B8737.94  16.05
8732.56 06.06
8732.49 46.07
8766.20 45,98
8745.635 15.97
8716.35 45.95
8876.99 16.06
88Y8.66 16.07
8920.95 46.08
8741.92 46.00
8717.74 45.99
8690.91 45.97
8893.51 46.05
8916.40 46.06
8935.41 46.06
8831.19 45.99
8812.20 45.97
8894.23 16.37
8893.60 16.59
8893.98 16.52
8893.99 16.28
8892.84 16.41
8892.60 16.44
8892.43 16.39

log. Note:

APL/JHYU Protiler (vd)

—

X
L+)

10177,
10178,
10178,

10128,
10126.
101253,

10307,
10305,

10303,

10269 .
10269.
10269,

10274,
10274,

10274.

10277,
10277,

10277,

69
24

05

60
71

92

7Y

10268.72

10267,
10266.

10224.

10223,

10082.
10081.2

100841.
10081.

10082.

10083.
10083.

88
98

18
10

43
92

57
23
96

v z
(-) (+)
K71, 11 341.13
8872.18 337.9%
8873.41 334,67
8863, 84 17.02
8863.27 34,25
B8RO .09 11,38
8825.061 44,92
8825..29 18.09
8825.05 51.82
K829.24 358.55
8829.62 361.96
B829.66 365,353
8831.80 506.15
8832.01 503.04
8832.27 199,88
8836.63 325,13
8837.47  321.497
8838.14 3IK.7R
R8IR. 00 143.87
8847,58 140,96
8847.18 13R.i2
BE28. 08 16.068
KR27.15 15.10
8873.96 16.01
8873.04 20.51
8875.28 16.12
887.1.24 18.70
8872.17 27.8
8871.72 31.47
8871.29 34,43

time may be 194530 (XTVP log).

RANGE
(vd)

O !
K1,
109,

b,
[S1E
5.

90
9y .
101,

0.
54,
113,

20.
21.

-

29.°

)

10

()

65

9k
91
6Hu

%]
HE

L4l

39
04

foown
¢ SV B




T W e

APL/JHU XTVP
PROFILER DROP
NO. NO. TIME
9 193 Same as
-10
9 194 203400
+10
9 195 Same as
-10
9 196 205020
+10
-10
9 197 210000
+10
-10
9 198 210900
+10
-10
9 199 221625
+10
9 200
-10
11 201 223530
+10
11 202 Same as
-10
11 203 225830
+10
11 204 Same as
-10
11 205 230645
+10
11 206 Same as
-10
12 207 002230
+10
12 208 Same as
-10
12 209 003705
+10

R/V Cape (yd) APL/JHU Profiler (yd) Range
. ; . (yd)
X y X y z
(+) (-) (-) (+) (-) (+) R
192
10081.99 8803.52 16.49 10075.74 8828.17 252,22 24,14
10084.80 8776.06 16.62 10075.18 8828.24 255.27 53.06
10091.53 8750.90 16.20 10074.57 8828.14 258.40 77.92
194
10006.20 8910.93 16,53 10085.25 8903.04 525.55 79.29
10003.13 8910.46 16.51 10084.89 8904.01 522.97 81.90
10000.03 8910.02 16.28 10084.62 8905.00 520.11 84.7
10035.42 9027.99 16.93 10084.41 8946.86 355.86 95.68
10056.24 9016.60 16.60 10084.53 8947.76 352.80 74.43
10078.68 9003.62 16.73 10084.41 8949.13 350.42 54.79
10082.33 8934.03 16.16 10089.69 8979.52 200.48 16.08%
10081.61 8962.69 16.48 10089.91 8978.77 197.50 18.09
10080.38 8990.70 16.59 10090.06 8977.93 194.59 16.02
Data not available.
Data not available.
10175.33 8837.35 16.20 10206.63 8873.89 276.
10183.88 8823.74 16.29 10206.84 8874.97 282,
10191.40 8811.19 16.04 10206.94 8875.73 28S.
201
10321.48 9004.01 16.63 10205.78 8954.,13 427
10328.65 9034.76 16.7 10205.93 8954.79 42
10335.47 9064.32 16.69 10206.17 8955.46 421
203
10299.93 8946.88 16.57 10204.72 8980.27 285.
10293.05 8929.43 16.70 10204 .90 8980.74 281.¢
10288.81 8913.87 16.54 10205.06 8981.45 279.
205
10458.42 8830.15 16.79 10428.69 8746.55 255
10464 .64 8857.26 16.86 10429.25 8747.03 258
10470.51 8885.2 16.53 10429.77 8748.13 262
207
10296,33 8665.02 16.38 10420.69 8773.47 547.5°
10292.22 8664.68 16.69 10420.36 8773.30 550.
10288.05 8664.27 16.36 10420.15 8773.21 554,
28
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R/V Cape (vd)

APL/JHU XTvP
PROFILER DROP X y
NO. NO. TIME (+) (=)
12 210 Same as 209
-10 10452.52 8775.54
12 211 005720 10454.05 8752.90
+10 10453.25 8732.01
12 212 Same as 211
-10 9846 .58 8802.46
15 213 025000 9841.03 8801.01
+10 9835.54 8799.63
-10 9971.52 8845.70
15 214 030245 9970.90 8850.90
+10 9969.44 8855.11
-10 10008.91 8801.66
15 215 032840 10012.46  8807.26
+10 10013.24 8812.07
-10
15 216 054630 Data not available.
+10
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UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

IV. OBSERVATIONS

The APL/JHU velocity profiles are presented in Figures 4a through
40 in which the line for the descent portion is about half the width of
the line for ascent. Dr. Wenstrand points out that APL/JHU drops 14 and
15 contain several instances of error caused when the tracking computer
switched between different hydrophone arrays. This switching was allowed
because certain hydrophone combinations yield better signal strengths,
but it produces small discontinuities in position determination and
spikes in computed velocity. This problem seems somewhat more severc in
drop 14, and so drop 15 was used for intercomparison purposes.

The profiles in Figures 4a-4o were digitized on an HP9874A digitizer
coupled to an HP9845S computer. The digitized versions of the APL/JHU
profiles were plotted on an HP9872A plotter and compared with the origi-
nals. The rms difference between the original and digitized version was
less than 0.2 cm/s.

The processing procedure followed in the treatment of the XTVP data
was as follows:

1. The analog tapes werc replayed so that all variables were
measured and plotted on the analog plotter. The playback
system is depicted in Figure 5. The analog plots consisted of
I (in-phase) and @ (quadrature-phase) for electric field, and
I and Q for compass coil; on the third plot, there were graphs
of temperature and rotation period.

2. The analog plots were digitized by hand with the 9874A digi-
tizer connected to the 9845S computer. The work was done
under the control of the program DIGITZ.

3. The digitized variables were plotted by DIGITZ on the 9872A
plotter with the same scaling as the original so that digi-
tized and original versions could be overlaid for comparison
and error detection.

4. The raw digitized profiles were processed using the calibra-
tion factors and known corrections by program XPROC. This
program also deconvolves the profile to eliminate the effect
of the analog filter in the PAR 129 lock-in amplifier (Fig. 5)
and filters to a scale similar to that of the APL/JHU profiles.

5. The final processed profiles were plotted by XPROC on the
9872A and stored in a flexible disk.

Portions of some profiles are missing due to probe malfunction
(e.g., several gaps in XP170g, Figure 6¢c) or have been decleted because
of interference from the electric and magnetic fields around the rescarch
vessel. Since most of the probes were released from the vessel, the
uppermost portion (about 100 m) of the profile has been deleted.
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UNIVERSITY OF WASHINGTON - APPLIED PHYSICS LABORATORY

V. RESULTS AND DISCUSSION

The purpose of this section is to evaluate the performance of the
XTVP relative to the APL/JHU profiler. The intercomparison will be {
performed in stages of increasingly finer examination. The first stage 3
is a visual comparison of nearly simultaneous profiles., These data are
presented in Figures 6a through 6g. Therc is a high degree of similar-
ity; even small-scale features are in common.

The second stage of analysis is to quantify XTVP performance rela-
tive to all appropriate acoustic profiles, regardless of the 10-minute
simultaneity and 100 m horizontal separation restriction. The procedure
is to compute the rms difference between profiles as a function of
vertical lag. This statistic is related to a structure function

Rij (U,42) = [U, (2) - Uj(z+Az)]2

where Uj and U; are the east components of velocity of the ith and jth
profiles, Az i% the depth lag or offset, and the overbar is an average
over depth (typically -100 to -500 m). Similar expressions are uscd for
the north component (V) and for U and V taken together. In the latter
case,

R(U,V,42) = [U,(2) - uj(z+Az)13 £ [V, (2) - vj(z+Az)13 .

These statistics are computed for a range of Az values, but the valuc of
Az for which R is thc minimum is of special importuance. The minimun R1/:
is taken to be the rms deviation between profile pairs regardless of the
depth offset. Because a preliminary fall rate versus time relation was
used for the XTVP profiles, there are systematic depth offsects between

XTVP and APL/JHU profiles.

The minimum rms differences are presented in a series of arrays for
all appropriate profiles in Tables 4a through dg.

For the whole data set, the rms differences over the span of simul-
taneous data for APL/JHU (down), APL/JHU (up), and XTVP are:

1. APLD vs. APLU: 7 rcalizations
= 1.0
OAu 1 cm/s
o} = 0.9 cm/s

Av
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2. XTVP vs. XTVP: 27 realizations

om1=1.0qu
OAV = 1.3 cm/s
3. APLD or APLU vs. XTVP: 44 realizations (22 vs. D and 22 vs. U
profiles)
om1=l.chs
Opy = 1.5 cm/s.

When comparing data from two profiles produced by the same tech-
nique, it seems reasonable to divide the errors equally between the two
profiles. Consider two variables, Uj and Uy, each having a random noisc
contribution €. The mean difference, Uj-U2, is forced to be zero (the
vertical mean is meaningless in the XTVP method), and the mean squared
difference is

= 62 + 62 - 2¢,¢€

"= (U, +¢, ~U, - 82) 1 2 1

1 1 2
where the overbar represents the vertical mean.

If the errors are uncorrelated between profiles, then

if errors are equally distributed between profiles.

Thus, for ensemble-averaged o values of 1.0 and 1.3 cm/s for east
and north XTVP differences, the appropriate error estimate for a single
profile would be 1.0 and 1.3 cm/s divided by V2, or 0.7 and 0.9 cm/s
respectively. Similarly, the APL/JHU random errors would be 0.7 and
0.6 cm/s.

Another test of the APL/JHU data is to compare the profiles obtained
with two profilers operated simultaneously. There are three examples of
these which we examined: APL/JHU 8 and 9, 10 and 11, and 12 and 13. A
fourth example was 14 and 15, but there clearly are problems with these
data, especially 14, because the tracking computer was switching hydro-
phone sets in an attempt to maximize signal strength, The rms differ-
ences are shown in Table 5. The average for nearly simultaneous pro-
files is 0.9 cm/s for cast and for north components. Sharing the vari-
ance equally yields an rms value of 0.6 cm/s.

48
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Wenstrand (personal communication) has analyzed the difference
between drops 8 and 9 and found 0.3 cm/s for east and 0.2 cm/s for north
over 100 to 450 m. We find differences of 0.6 to 0.8 over a slightly
longer interval. The higher rms differences probably result from errors
made in the tracing (digitization) of graphs provided by APL/JHU.

Recent analyses by Sanford and D'Asaro (unpublished) have shown
that an error of about 1.0 cm/s rms exists in the north velocity com-
ponent due to tilts of the XTVP probes. Thus, even if we ignore any
errors contributed by the APL/JHU technique and assume all differences
are due to XTVP errors, the 1.1 cm/s rms difference in east remains
1.1 cm/s and the 1.5 cm/s rms difference in north becomes

152 - (1.0)2 = 1.1 cn/s .

In summary, the AUTEC profiles support a random error level of
about 1 cm/s for the XTVP compared with the APL/JHU profiler.

49
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Table 4a.

AP4D

AP4U

XP160G

XP161E

XP162E

Minimum values of the square root of the cross-structure

function for east, north, and east-and-north velocity
components computed between -100 and -340 m depth.

reading downward in each column,

meters/second.

The
entries are for east, north, and combined in that order

The units are centi-

The depth offset at minimum in meters is

shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile,.

AP4U

1.5(0)
0.7(2)
1.2(0)

XP160G

0.8(11)
1.4(24)
1.8(18)

1.5(11)
1.1(22)
.8(18)

—

57

XP161E

0.
1.

9(7)
1(20)

1.8(13)

o OO

L1(7)
.4(18)
L6(13)

.9(-4)
.9(-4)
.9(-4)

XP162E

0.
C.
0.

8(11)
7(13)
9(13)

.9(11)
.7(13)
.8(11)

0.9(0)

—

.2(-9)

1.4(-1)

—

.6(4)
7(-4)
2(-2)

XP163E

— SO O

—

.3(13)
.2(15)
.2(15)

.8(13)
.8(13)
.8(13)

L4(2)
.9(-9)
.6(-4)

.9(7)
.5(-4)
.4(0)

7N
.7(00)
' 8(2)




Table 4b. Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -450 m depth. The
entries are for east, north, and combined in that order
reading downward in each column, The units are centi-
meters/second. The depth offset at minimum in meters is
shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile.

APSU XP165G XP166E XP168E
APSD 0.8(2) 0.8(7) 1.0(15) 1.2(13)
1.1(2) 1.8(29) 2.0(20) 1.6(15)
0.9(2) 2.0(24) 1.6(20) 1.4(13)

AP5U 0.9(2) 0.8(11) 0.7(9)
1.7(24) 1.7(18) 1.0(11)

1.9(20) 1.4(15) 0.9(11)

XP165G 1.1(9) 1.2(7)

1.4(-2) 1.5(-9)

Y 1.6(0) 1.7(-2)
0.9(-2)

1.6(-4)

1.3(-4)

M




Table 4dc.

AP6D

APoU

XP170G

XP171E

XP173E

Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity

components computed between -100 and -500 m depth.

The

entries are for east, north, and combined in that order
reading downward in each- coiumn.

meters/second.

APoU

0.8(2)
1.0(2)
0.8(2)

XP170G

G.
1.
1.

—

8(11)
4(15)
3(13)

90 9)
.9(13)
.5(13)

XP171E

0.
.3(20)
.1(18)

—

[ I e R o]

9(13)

.8(13)
.7(18)
.4(15)

5 2)
L9( 4)
7( 4)

The units are centi-

The depth offset at minimum in meters is
shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile.

XP173E

1

.0(18)
1.
1.

2(20)
1(18)

.0(15)
.5(18)
.2(15)

.8( 4)
.3( 4)
(08

.7( 2)
.0( 0)
.9( 0)

XP174F

b— st

.5(15)
.2(18)
.4(18)

.3(15)
.1(15)
.2(15)

L3 4)
L6( 2)
A0

[R¥28 )

1 U -

(2)
(-2)
(0

ol

.00 0)
20 0)
L1 0)




Table 4d. Minimum values of the square root of the cross-structure ! |
function for east, north, and east-and-north velocity :
components computed between -100 and -470 m depth. The i
entries are for east, north, and combined in that order 1
reading downward in each column. The units are centi- 4
meters/second. The depth offset at minimum in meters 1is . i
shown in parentheses, where a positive value means column ‘
profile must be shifted down to agree with row profilc. ‘
AP7U XP176G XP177G XP178E XP179o) '
AP7D 0.7( 2 0.8(11) 1.4(18) 1.3(11) 1115
0.7( 2) 1.2(20) 1.4(20) 0.6(20) 1.3(18) i
0.7( 2) 1.3(18) 1.4(20) 1.0(15) 1.2(15)
AP7U 0.9 9) 1.2(11) 1.0( 9) 0.7(11)
1.2(18) 1.3(20) 0.7(18) 1.2(15)
1.5(15) 1.4(20) 0.8(13) 1.1(135)
XP176G 1.2¢11) 0.8(-7) 1.0 2
. 1.0( 7) 0.4(-2) 0.3(-2)
R . 1.1( 7) 0.7(-2) 0.8 (-2
»
.
’ XP177G 1.3(-4) 1.20 M
- 1.1(-7) 0.8
R 1.2(-7) 1.2(-9)
XP178E tL.o( 0) i
N 0.5(-2) '
0.6(-2) ;
| i
i
o
3
!

60 -




Table 4e. Minimum values of the square root of the cross-structure
function for east, north, and east-and-north velocity
components computed between -100 and -500 m depth. The
entries are for east, north, and combined in that order
reading downward in each column. The units are centi-
meters/second. The depth offset at minimum in meters is
shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile.

APSU XP192G XP1956G XP198G
APSD 0.9(2) 1.5(20) 1.4(15) 2.1(24)
1.9(2) 1.8(20) 1.7(18) 2.6(26)
1.1(2) 1.7(20) 1.5(15) 2.4(24)
APSU 2.0(18) 1.8(15) 1.9(20)
2.1(15) 1.1(13) 2.0(22)

2.1(18) 1.5(13) 1.9(22

XP1926 1.1(-2) 2.4(4)
2.8(-2) 3.6(7)

2.1(-2) 3.1(7)

XP1956 2.2(9)
1.9(9)

2.1(9)




Table 4f. Minimum values of the square root of the cross-structure :
function for east, north, and cast-and-north velocity E
components computed between -100 and -500 m depth. The 4
entries are for east, north, and combined in that order *
reading downward in each column. The units are centi-
meters/second. The depth offset at minimum in meters is
shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile.

AP10U XP202G XP203E XP205E

AP10D 0.6(2) 0.8(11) 1.0(18) 1.0(20)
1.0(2) 2.6(15) 2.1(20) 2.1(15)

0.8(2) 2.0(15) 1.7(20) 1.7(18)

AP10U 1.0(9) .9(15) 1.1(18)
2.4(15) 1.8(18) 1.8(15)

1.9(13) 1.4(18) 1.5(15)

XP202G 8(7) .8(9)
1.1(4) 1.5(0)

1.0(4) 1.4(0)

XP203E 1.0(2)
1.1(-4)

1.0(-2)
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Table 4g. Minimum values of the square root of the cross-structurc
function for east, north, and east-and-north velocity
components computed between ~100 and -500 m depth. The
entries are for east, north, and combined in that order
reading downward in each column. The units are centi-
meters/second. The depth offset at minimum in meters 1is
shown in parentheses, where a positive value means column
profile must be shifted down to agree with row profile.

AP15U XP215E
AP15D 1.2(0) 1.1(13)
1.2(0) 1.4(15)

1.2(0) 1.3(13)

AP15U 1.1(13)
2.0(15)

1.6(13)




Table 5. Minimum values of the square root of the cross-structure
function for east and north velocity components computed
between -100 and -480 m depth. The entries are for cuast
and north in that order reading downward in each column.
The units are centimeters/seccond. The depth offset at
minimum in meters is shown in parentheses, where a posi-
tive value mecans column profile must be shifted down to
agree with row profile.

AP8U AP9D APYU

AP8D 0.9(2) 0.7¢2) 1.5(2)
1.2(2) 0.6(2) 1.4(4)

AP8U 1.3(0) 0.8(2)
1.0(-2) 0.6(2)

AP9D 2.002)
1.3(4)
AP10U AP11D APL1U

AP10OD 0.6(2) 0.6(0) 1.1(2)
1.0(2) 0.5(0) 1.1(2)

AP10U 0.7(-2) 1.0(0)
1.0(-2) 1.2(2)

AP11D 1.3(2)
1.202)
AP12U AP13D AP13U

AP12U 0.8( 2) 1.2(-2) 1.202)
0.9(2) 1.0(-2) 1.200)

APl12U 1.0(-4) 1.300)
1.0(-4) 1.4C0)

APL13D 1.1(4)

1.3(4)

bk il A%
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